Selective Tryptophan Oxidation of Monoclonal Antibodies: Oxidative Stress and Modeling Prediction.
Oxidation of tryptophan not only generates heterogeneity of a therapeutic monoclonal antibody (mAb) but also can be a potential critical quality attribute (CQA) of the product. In this study, mAbs A-C of IgG1 and IgG4 (immunoglobulin G, IgG) isotypes with oxidized tryptophan (Trp) residues were selectively generated by incubating the mAbs with 2,2'-azobis(2-amidinopropane) dihydrochloride (AAPH) in formulations containing l-methionine. The site-specific oxidation of tryptophan residues were confirmed by liquid chromatography coupled with mass spectrometry (LC-MS) studies. The site of oxidation was identified to be a conserved tryptophan residue in the heavy chain complementarity determining region 3 (CDR3) of mAbs A and B with no significant oxidation found on other tryptophan residues including those in close proximity to CDR3. For mAb C, all tryptophan residues including one in the heavy chain CDR1 and a tryptophan in close proximity to heavy chain CDR3 were not susceptible to oxidation. For all three mAbs, the structure and tryptophan oxidation relationship was further studied by computational modeling of the variable domain of the antibodies (variable fragment, Fv). The computational modeling provided a structural understanding at the molecular level to the tryptophan oxidation, where high solvent accessibility is a prerequisite for heavy chain CDR3 tryptophan oxidation. However, higher oxidation susceptibility of tryptophan in heavy chain CDR3 did not linearly correlate to higher solvent accessibility, suggesting that other factors including side-chain orientation and/or surrounding structure elements around the heavy chain CDR3 may also be involved. Through this study, we demonstrate that a selective oxidation system, together with computational modeling, can be an important tool to identify potential CQAs of a therapeutic mAb such as tryptophan oxidation liabilities during the mAb's development.